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In 1976, at the first Anglo-Soviet Seminar on the Scientific Bases for the Monitoring of 
the Quality of Surface Water using Hydrobiological Indicators, recommendations were drawn up 
on carrying out joint Anglo-Soviet work on the comparative evaluation of different methods of 
hydrobiological analysis of the quality of surface water. Under a plan for two-stage Anglo-
Soviet scientific and technical cooperation on the problem of environmental protection this 
work was started in 1977 at the Regional Laboratory of the Severn-Trent Water Authority 
and took place from 12 June to 2 July. The basic aim of the work was to approve the most 
promising systems of biological indication of the water quality on small and medium-sized 
rivers for a wide network of observations. 
On the Soviet side the leader was V I Malyuk (Institute of Hydrobiology of the Academy of 
Sciences of the USSR, Kiev). The following took part: V A Abakumov (Institute of Applied 
Geophysics of the State Committee of the USSR on Hydrometeorology and Monitoring the 
Natural Environment, Moscow), 0 M Kozhova (Irkutsk State University, Irkutsk), 
N L Svirskaya (Institute of Applied Geophysics of the State Committee of the USSR on 
Hydrometeorology and Monitoring the Natural Environment, Moscow) and N I Kholikova 
(Institute of Applied Geophysics of the State Committee of the USSR on Hydrometeorology 
and Monitoring the Natural Environment, Moscow). 
On the United Kingdom side Mr F S Woodiwiss (Regional Laboratory of the Severn-Trent 
Water Authority, Nottingham) was leader. Staff of the Regional Laboratory took part in the 
work. 
During the joint research carried out in Nottingham special attention was given to testing 
methods of biological indication of the quality of water using the macrozoobenthos as indicators. 
These data were collected and written up in a paper by F S Woodiwiss. In this short report we 
shall only give the data obtained at the test stations on the evaluation of the quality of water 
using zooplankton indicators and we shall make some points in favour of the use of comparative 
systems of water quality evaluation. 
The feasibility of using the saprobic system for evaluating the degree of pollution of water 
in Central England was examined on zooplankton communities organisms. 
The material for the project consisted of 22 qualitative and quantitative samples of 
zooplankton taken in June 1977 from seven water-bodies (5 rivers, 1 reservoir and 1 lake) 
in England. The quantitative samples of zooplankton were taken from the upper layers of the 
water by straining 50-100 I water through an Apstein plankton net with gauze No 70. In the 
reservoir and lake the sedimentation method was used (a specific amount of water is extracted 
using a sampler bottle and for 7-10 days the sediment is subjected to laboratory treatment). 
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Laboratory treatment of the samples was done using the counting method in a Bogorov chamber 
using a generally accepted method (2). In selecting the sampling points consideration was given 
to the special features of the rivers, causing the formation of plankton in the water body and 
the location of the sources of pollution. There is a range of methods for presenting the results 
of biological analysis to enable the mean saprobity of the biocenosis to be evaluated. One of 
the most universal, simple and suitable methods, in our opinion, for analysis of the zooplankton 
community is the Pantle and Buck method (9, 10) as modified by Sladecek (12). The purpose of 
the method is to make it possible to compare the results of investigation of the state of water 
bodies in different regions. Using this method, quantitative evaluation of hydrobionts takes into 
account the relative frequency h and relationship between individual species and five known 
stages in the saprobic system s. 
The saprobic index is calculated using the following formula: 
where h is the frequency of occurrence of the individual species characterised as follows: 
1. very rare; 2. rare; 3. not infrequent; 5. common; 7. very common; 9. abundant and s is the 
saprobic index of each indicator species according to the tables in the book by Sladecek (12). 
The Pantle and Buck scheme proposes that each indicator species is only found in one area 
of pollution, which does not correspond to the actual situation. Amendments to this method by 
Sladecek included consideration of the possibility of species residing in different pollution zones. 
The values of the saprobic indices given by Pantle and Buck are kept only for those species 
found solely in one pollution zone. If the species is found in two or more zones, the index is 
changed by ten and sometimes a hundred units. 
The saprobic index S, calculated from formula 1 in the oligosa probic zone, is .0-1.5 
(clean water); B-mesosaprobic zone — 1.51-2.5 (slightly polluted), alpha-mesosaprobic zone — 
2.51-3.5 (heavily polluted) and polysaprobic — 3.51-4.5 (very heavily polluted). 
As is known, all methods based on indicator organisms require accurate determination of 
species. 
In the period of investigation in England 32 taxa of zooplankton organisms were 
recorded, including: rotifers (Rotatoria) — 19; water fleas (Cladocera) — 8; copepods (Copepoda) 
- 5 (Table 1). 
Most of the rotifers (around 60%) recorded belonged to northern circumpolar species 
(Trichocerca capucina, Polyarthra dolichoptera, Bipalpus hudsoni, Asplanchna priodonta, 
Kellicottia longispina, etc) and other cosmopolitan species. Of the Cladocera, northern species 
were represented by Bosmina longispina and of the copepods, Eudiaptomus gracilis. The most 
widely distributed species,predominately northern types,are Ceriodaphnia quadrangula, 
Daphnia longispina hyalina. Alone/la nana, Alona quadrangularis, Cyclops vicinus, Cyclops 
strenuus, Chydorus sphaericus — species with a wide geographical distribution. 
Most of the rotifers (12 species) are oligo- and o-B-mesosaprobic organisms. Two species 
of rotifers are B-oligosaprobes; one (Rotaria rotatoria) is aplha-mesosaprobic; Brachionus 
quadridentatus and B. rubens are alpha B-mesosaprobes. Testudinella patina and Brachionus 
calyciflorus are B and -B- alpha-mesosaprobic organisms. 
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Table 1. Species of zooplankton in the water bodies investigated in England. 
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Species R. Dove 
ROTATORIA 
Cephalodella sp. 
Trichocerca capucina 
(Wierset, Zach.) + 
Trichocerca porcellus 
(Gosse) 
Synchaeta pectinata 
(Ehrenberg.) 
Bipalpus hudsoni (Imhof) 
Testudinella patina (Herm.) 
Polyarthra dolichoptera 
Idelson 
Asplanchna priodonta Gosse 
Lecane lunaris Ehrenberg 
Euchlanis dilatata dilatata 
Ehrenb. 
Colurella sp. 
Keratella cochlearis (Gosse) 
Kellicottia longispina 
(Kellicott) 
Keratella quadrata (Muller) 
Brachionus quadridentatus 
quadridentatus (Herm.) 
Brachionus calyciflorus Pallas 
Brachionus rubens Ehrenberg 
Notholca acuminata Ehrenberg 
Rotatoria rotatoria (Pallas) 
CLADOCERA 
Daphnia longispina hyalina (L) 
Ceriodaphnia quadrangula (O.F.M.) 
Camptocercus rectirostris 
Schoedler + 
Chydorus sphaericus (O.F.M.) 
Alona quadrangularis + 
(O.F.M.) 
Alonella nana (Baird) 
Bosmina longirostris (O.F.M.) 
Bosmina longispina Leydig 
COPEPODA 
Eudiaptomus gracilis Sars 
Eucyclops serrulatus + 
Cyclops strenuus Fischer 
Cyclops furcifer Claus 
Cyclops vicinus Uljanin 
Blithfield 
reservoir 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Kingsmill 
reservoir 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Trent 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Derwent 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Erewash 
+ 
+ 
+ 
+ 
+ 
+ 
Soar 
+ 
+ 
+ 
+ 
+ 
+ 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
Water course and water body 
River Dove 
Blithfield Reservoir 
Kingsmiil Lake 
River Trent 
River Derwent (Baslow) 
River Erewash 
River Soar 
River Derwent (Draycott) 
Zooplankton No. 1000/m^ 
7.4 
23.9 
16.5 
1.8 
0.3 
1.2 
0.15 
1.3 
Water body 
1. Dove 
2. Blithfield 
3. Kingsmill 
4. Trent 
5. Erewash 
6. Derwent (Baslow) 
7. Soar 
8. Derwent (Draycott) 
Index 
1.31 
1.63 
2.02 
1.74 
1.8 
1.51 
1.8 
1.56 
Saprobity zone 
Oligosaprobic 
B-mesosaprobic inclining to 
oligosaprobic 
B-mesosaprobic 
j3-mesosaprobic 
B-mesosaprobic 
B-mesosaprobic inclining to 
oligosaprobic 
B-mesosaprobic 
B-mesosaprobic inclining to 
oligosaprobic 
Class on a 6-point scale 
2 
3 - 2 
3 
3 
3 
2 - 3 
3 
3 - 2 
In the Cladocera group, 6 out of 8 were oligo- and o-B-mesosaprobes. Two species were 
B-mesosaprobes. Of the copepods, Eudiaptomus gracilis and Cyclops furcifer were oligosaprobic; 
Eucyclops serrulatus and Cyclops vicinus B-mesosaprobic and Cyclops strenuus B-o^mesosaprobic. 
The quantity of zooplankton in the water bodies investigated varied between 0.15 and 23.9 
thousand per cubic metre (Table 2). 
As a result of processing the data using the Pantle and Buck method as amended by 
Sladecek, the indices of saprobity were as in Table 3. 
Table 3. Evaluation of the degree of pollution of water bodies investigated in England using the 
Pantle and Buck method. 
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Table 2. Quantitative zooplankton indicators of water bodies investigated in England (June 1977). 
Table 4. Scale of evaluation of quality of inland surface waters using hydrobiological 
indicators. 
1. Relative number of oligochaetes, % of overall total of bottom-dwelling organisms; 
2. Woodiwiss biotic index; 
3. Pantle and Buck saprobic index; 
4. Overall total bacteria million/ml; 
5. Saprophytic bacteria 1000/ml; 
6. Ratio between 5 and 6. 
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Class 
1 
2 
3 
4 
5 
6 
Quality 
Very clean 
Clean 
Slightly 
polluted 
Polluted 
Contaminated 
Highly 
contaminated 
Zoobenthos 
1 
60 
60 
60 
60 -80 
80 
No 
macrobenthos 
2 
8 -10 
5 -7 
3 - 4 
1-2 
0 - 2 
0 
Phyto-/ 
Zoo-
plankton 
3 
<1 
1-1.5 
1.5-2.5 
2.5-3.5 
3.5-4 
> 4 
Bacteriopiankton 
4 
<0.5 
<1 
<4 
<20 
>20 
>20 
5 
<0.1 
<0.5 
<10 
<200 
>200 
>700 
6 
>10000 
>1000 
<1000 
<300 
<100 
<30 
No 
1 
2 
3 
4 
5 
6 
7 
8 
Water body 
River Dove 
Blithfield 
Kingsmill Lake 
Saprobic index 
(Pantle and Buck) 
River Trent (Gunthorpe) 
River Erewash 
River Derwent 
(Baslow) 
River Soar 
River Derwent 
(Draycott) 
1.31 
1.63 
2.02 
1.74 
1.8 
1.51 
1.8 
1.56 
Saprobity 
oligosapr. 
B-mesosapr. 
tending to 
oligosapr. 
B-mesosapr. 
B-mesosapr. 
B-mesosapr. 
B-mesosapr. 
tending to 
oligosapr. 
/3-mesosapr. 
B-mesosapr. 
tending to 
oligosapr. 
Trent 
Index 
10 
6 
3 
7 
4 
9 
8 
7 
Extended 
Biotic 
Index 
12 
6 
3 
7 
4 
12 
8 
7 
'Score' 
Index 
1544 
179 
111 
419 
121 
1628 
597 
331 
Margalef 
Diversity 
Index 
4.4 
0.85 
0.71 
2.51 
0.92 
4.22 
2.89 
1.72 
Shannon-
Weaver 
Diversity 
Index 
2.72 
1.03 
1.2 
1.60 
1.22 
2.72 
1.95 
1.79 
Wilhm 
Dorris 
Divers. 
Index 
Wilhm 
Dorris 
Divers. 
Index 
from table 
3.92 
1.48 
1.73 
2.31 
1.76 
3.93 
2.81 
2.58 
3.92 
1.73 
2.3 
1.49 
4.03 
2.78 
2 3 7 
Table 5. Comparison of the results of the evaluation of the quality of water in the Trent basin using different methods. 154 
Evaluation of the quality of the water in watercourses in England is carried out using 
the 6 figure scale of evaluation of the quality of surface water (Table 4). As can be seen from 
the figures given in Table 5 evaluations of water quality using zooplankton indicators 
correspond entirely with evaluations using macrobenthos indicators. 
Study of zooplankton is one of the features of biological analysis of a watercourse. 
Particular significance should be given to the value of zooplankton as an indicator of water 
quality in relatively slow flowing watercourses, lakes and reservoirs and somewhat less in 
rivers. The transit of zooplankton is difficult but it can be done for biological indication 
purposes. Research carried out showed that the Pantle and Buck method, as amended by 
Sladecek, using zooplankton as a whole, sufficiently accurately reflects the varying level of 
pollution of water or water bodies in central England. The method is simple enough and 
does not require large expenditure. Further research is needed to improve the composition 
and indicator values of individual species of animals under different conditions and in 
different geographical areas. 
During the joint Anglo-Soviet investigations in Nottingham, apart from the saprobic 
system, six systems for the biological indication of water quality were tested: the River Trent 
biotic index (14), the exie dsd biotic index (14), the Chandler biotic score (4), the Margalef 
diversity index (8), the Shannon-Weaver diversity index (11) and the Wilhm and Dorris index 
(13). Of these only the last three could be called quantitative. 
The results of the joint research given in the paper by Woodiwiss show that the diversity 
indices are the most attractive due to their quantitative nature but cannot be considered 
more effective than the Trent Biotic index, the Chandler biotic score or the saprobic indicators. 
Major difficulties sometimes occur in the interpretation of the results. For example, low 
diversity indicators cannot always be unambiguously interpreted. Archibald (4) came to the 
conclusion that only high indicators of diversity can be used for characterising water quality. 
Given the fact that when the trophic nature of the water changes the diversity of some taxa 
can go down, whereas the diversity of other taxa will increase, Hawkes (3) considers that in 
the case of pollution of water by organic substances and eutrophication, the concept of diversity is 
very debatable. 
As regards the limited possibilities available today of evaluating the quality of 
ecological systems using quantitative indicators, we consider those offering the most 
possibilities, given the current state of the development of biological monitoring, are comparative 
systems of evaluation (1). These occupy an intermediate position between quantitative 
evaluations of the state of ecological systems and classification systems. Comparative systems 
are much more effective than classification ones as they meet the range of requirements as 
outlined below. 
The main requirement with comparative systems of evaluation is the opportunity of 
locating in a quasi-serial order all the ecological systems studied in the entire observed range of 
anthropogenic influences. The other requirements are determined by the first and relate to the 
fact that the relationship between any components of the different stages of the quasi-serial 
order must be transitive and asymmetrical while the relationship between the components of 
one stage must be equivalent ie transitive and symmetrical (6). Figure 1 shows the relationship 
between the quasi-serial sets and their components. 
The requirements outlined above for comparative systems are fully met by, for example, 
the Trent Biotic Index and the Chandler score system. These systems differ essentially 
from the classical comparative systems, first studied in detail by Hempel and Oppenheim (7). 
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Unlike the standard systems in the Chandler and Trent systems the quasi-serial order of 
components cannot be obtained only using one parameter but only with two or more. Thus 
in the Trent system,ecological systems in which Plecoptera are found representative larvae can 
be allocated to stages 10, 9, 8 or 7, while ecological systems with more than 15 taxonomic groups 
of macrobenthos can be put in any of the quasi-serial stage from the tenth to the sixth. Only 
ecological systems characterised by the simultaneous presence of larval Plecoptera and more than 
15 taxonomic groups of macro invertebrates are put in the 10th stage. 
Here it should be stressed that figures, scores and indexes which characterise the state of 
ecological systems in comparative systems of evaluation of the "points" type developed by 
Chandler or the Trent Biotic Index are determined conventionally and are not quantitative 
characteristics of the state of ecological systems. 
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